Mangroves form a complex ecosystem, comprising several interconnected elements at the land-sea interface, which are in turn connected with adjacent coastal ecosystems such as coral reefs, seagrass beds and terrestrial vegetation. Mangrove forests prevent coastal erosion, contribute to the progression of the land towards the sea and react as a buffer in areas prone to cyclones or other ocean surges (Mazda et al. 1997 , Dahdouh-Guebas and Koedam 2006 , Din and Baltzer 2008 , Gilman et al. 2008 . Debris (leaves) breaks down under the action of bacteria and fungi and the resulting product maintains large populations of invertebrates, which are probably the most significant biotic components, apart from trees, that share mangrove species richness and their ecological role (Macintosh 1984 , Hartnoll et al. 2002 .
Crabs and molluscs are two major predominant invertebrate groups in mangroves (Ellison 2008 , Nagelkerken et al. 2008 . Their ecological roles in terms of structure and function in this ecosystem are multiple (Lee 1998 (Lee , 1999 . They represent the links between primary detritus at the bottom of the food chain (Bosire et al. 2005a) , consumers in higher trophic levels (Macintosh 1984 , Dahdouh-Guebas et al. 2002 and predators at the highest levels (Cannicci et al. 1996 . They aerate the soil through their digging activity (Micheli et al. 1991 ) and reduce the salinity, which affects productivity and development of mangroves (Stieglitz et al. 2000 , Smith et al. 2009 ). These groups also affect forest structure in both natural and afforested conditions by propagule predation (Steele et al. 1999 , Bosire et al. 2005b ).
In total, approximately 10 500 species of crabs have so far been discovered worldwide, of which 6 793 are valid species within 1 271 genera, 93 families and 38 subfamilies (Ng et al. 2008) . Six of these families are mostly represented in and around mangrove forests: Gecarcinidae, Portunidae, Ocypodidae, Xanthidae, Sesarmidae and Grapsidae (Lee 1998) . Fiddler crabs (Uca spp.) are considered to be the most abundant crabs in mangroves (Smith et al. 2009) , and are reported to influence or regulate mangroves productivity (Kristensen 2008) .
Molluscs perform periodic vertical migrations by climbing on trees, depending on the tidal cycle (Vannini et al. 2006) . These migrations help them avoid immersion and exposure to marine predators, as is the case for Cerithidea decollata (Linné 1758) in the Kenyan mangroves (Vannini et al. 2006 (Vannini et al. , 2008a . This species climbs on trees to rest during high tide and descends to feed on the mud as soon as the waters recede. It is most active during daylight hours than at night-time, and during bright-water tides than neap waters (Vannini et al. 2006 (Vannini et al. , 2008b . Unlike C. decollata, Terebralia palustris L. is typically amphibious, being active during both low tide and high tide (Pape et al. 2008) .
Information on the macrobenthos of West African mangroves is limited (Binder 1968 , Zabi and Le Loeuff 1993 , Seck 1996 compared to the more comprehensive research conducted in East Africa (Cannicci et al. 1993 , Dahdouh-Guebas et al. 2000 , Hartnoll et al. 2002 , DahdouhGuebas et al. 2004 , Pape et al. 2008 , Vannini et al. 2008a , 2008b . In Cameroon, crab and mollusc inventories have been carried out by Plaziat (1974) , Boyé et al. (1975) , Bandel and Kowalke (1999) and Longonje (2008) . Nerita, Neritina and Neritilia (molluscs) genera were separated from each other based on the anatomy of their radula and their ecology. Likewise, Pachymelania, Angiola, Littorina, Assiminea, Potamopyrgus (Thais), Melampus, Onchidium and Tympanotonos genera were found. The lamellibranchs are found on silty substrates and the mangrove roots. The most common species found in both brackish and fresh waters are Corbula trigona (Hinds 1843), Gryphea gasar (Philippi 1847), Iphigenia rostrata (Römer 1869), Cyrenoides sp. and Egeria radiata (Lamarck 1804). Crabs are dominated by Uca and Sesarma genera.
The city of Douala is characterised by uncontrolled urbanisation on account of strong demographic pressure, which results in the deforestation of riparian ecosystems (Mohamed et al. 2009 , Nfotabong Atheull et al. 2009 ). Mangrove forests in Cameroon do not benefit from the biological diversity conservation laws, even for those that are located in a natural reserve. The disappearance of mangroves around cities leads to the degradation of macrobenthos (Bartolini et al. 2010) , which in Douala consists mainly of individuals that are weak migrators. Knowledge on the density, diversity and distribution on the crabs and molluscs of the Wouri River estuary is sparse and often fragmented. The aim of this study was to update the inventory of crabs and molluscs towards gaining more understanding of the mangrove ecosystem in order to provide wise advice in the management of mangrove forests in Cameroon.
Material and methods

Study site
The study was carried out in the mangrove of the Wouri River estuary (Figure 1 ). The climate of the region belongs to the Equatorial regime of a particular type or to the Cameroonian regime . It is characterised by a long rainy season (March-November) and a short dry season (December-February). Heavy rainfall (approximately 4 000 mm per year) with high and stable temperatures (annual average temperature is 26.7 °C), and a high humidity throughout the year approaching 100%, are typical for this region. During the monsoon season, the region has a low wind gust with the exception of its phases of onset (April-May) and withdrawal (September-October), which are accompanied by relative violent storms (Din and Baltzer 2008) . The tidal rhythm is semi-diurnal with average amplitude of 2.5 m. Soils are grey or black muds, of silty, sandy or clayey texture, derived from fluvial sediments relatively rich in organic matter. These are young clay soils, characterised by a high carbon:nitrogen (C:N) ratio due to the slowdown in biological activity as a result of anoxia conditions. The annual variation in salinity in the region is between 0 and 20. During the long monsoon season, the salinity of the mangrove waters is always <10. During the dry season, salinity varies between 4 and 20 (Din and Baltzer 2008) . Less than 30 km away from the ocean, salinity in the Douala mangroves is zero during the rainy season (Din et al. 2002) . The flora consists essentially of tree species. The herbaceous stratum represents <1% of all vegetation. However, the flora remains poor with Rhizophora racemosa GF Meyer being largely the dominant vegetation. The fauna includes vertebrates such as birds, reptiles and fish, but especially a wide range of invertebrates, mainly crabs and molluscs, which constitute the bulk of submerged and epibenthic wildlife in the region. Periophthalmus papilio (Bloch and Schneider 1801), a fish characteristic of mangroves, is present and abundant. This fish moves and swims on the water surface and is the main predator of small invertebrates in the mangroves. Its presence often marks the actual limits of the mangrove forests; it is a useful biological indicator that differentiates the mangrove forests from other hydromorphic forests.
Sampling method
The study extended over six sites selected on each side of the Wouri River bridge and in relation with the anthropogenic pressure on the mangrove forest. At each site, a transect was opened perpendicularly to the main channel, from land to water. One plot of 10 × 10 m 2 was established on each transect where light facilitated the observation of small and dark invertebrates. Overall, six plots were delineated. Sampling was carried out for four months and specimen sampling was conducted during low tide, corresponding to the main activity of the macro benthos species. This increase in activity is explained by the absence of competition, predators (fish and other crabs), and availability of organic matter for food (Silva et al. 2009 ). Each plot was inspected for 30 min using binoculars, at a distance of about 5 m. All individual crabs observed (visual count) were counted and identified, according to Ashton et al. (2003a) and Cannicci et al. (2009) . Description concerns the differentiating criteria such as colour, the presence of antennae, hair, chelae, the eye cavity and the body shape features, etc.
Crabs were caught by hands on the trees, dead wood and detritus on the plot surface (Bouchet et al. 2006) or excavated up to 50 cm depth for the purpose of identification (Joana et al. 2003) . Two quadrats, each of 1 × 1 m 2 , were assembled at the left bottom and the right upper limit of the plot on the transect direction for the collection of molluscs. Molluscs being less mobile and totally exposed, their collection required less effort. All comments and findings from the field were recorded in log books.
Depending on their size, collected specimens were placed in buckets, boxes or small tubes, put in ice water for several minutes for sedation, and then washed and stored in labelled tablet jars containing 70% alcohol for later identification. Using a binocular microscope, each species was identified according to Raymond and Holthuis (1981) , Cannicci et al. (1993) and Ng et al. (2008) for crabs and Plaziat (1974) and Bandel and Kowalke (1999) for molluscs.
Data analysis
At each sampling site, the absolute and relative densities of crabs and molluscs were determined. Stand faunal diversity was assessed by calculating the Shannon-Weaver index of diversity. This index weighs the number of species in a stand by their relative abundance (Frontier and Picho-Viale 1993) . In order to assess the distribution of crabs and molluscs within each sampling site, a non-multidimensional scaling (nMDS) was implemented in PRIMER v.6 (Clarke and Gorley 2001) . Prior to computation of resemblance matrix, the raw data were log (x+1)-transformed to standardise the abundance data. A Bray-Curtis similarity test was used to assess the abundance of crabs and molluscs across the sampling sites (Kruskal and Wish 1978, Clarke and Green 1988) . To evaluate diversity in each site (based on the specific composition), hierarchical ascending classification was used, based on the measurement of the Euclidean distance determined according to the aggregation procedure and to determine the similarity index (SI). Differences between different sites were investigated using an ANOSIM test (Clarke 1993) .
Results
Crab inventory
We identified 2 046 crabs, comprising 12 species belonging to five families. Sesarmidae was both the most speciesrich (eight species) and abundant (94.6% of individuals). A single species was found in each of the other four families. Grapsidae represented 5%, Gecarcinidae and Ocypodidae 0.15% and Portunidae 0.1% (Table 1) .
Chiromantes angolense (Brito Capello 1864) and Metagrapsus curvatus (Milne 1837) were found at five of the six sites, with the exception of the Bois des Singes (BS) site. Chiromantes angolense and Perisesarma huzardi (Desmarest 1925) were the most abundant species with 483 and 364 individuals respectively. Portunus validus (Herklots 1851) and Uca tangeri (Eydoux 1835) were found only at Mboussa Essengue (EG). Similarly, Cardisoma armatum (Herklots 1951) was collected only at the Wouri River bridge (WB). These three species were the least abundant in the study area (Table 2) .
The following species were numerically dominant at the sites: Pachygrapsus transversus (Gibbes 1850) (54 individuals) at BS; C. angolense (257 individuals) at Bonangang (BG); Chiromantes buettikoferi (De Man 1883) at Bonamouang (BM); and Bon'Ewonda (BW) (32 and 75 respectively); Perisesarma huzardi (316) at EG and Arimase elegans (Herklots 1951) (58) at WB.
The greatest densities of crabs ( Figure 2a ) were recorded at EG, BG and BW (7.64, 4.12 and 3.39 m -2 respectively). The lowest density was recorded at BM (1.43 m -2 ). Chiromantes angolense, C. buettikoferi and P. huzardi were found in large densities (4.83, 3.64 and 3.34 m -2 respectively). Lowest densities were observed for Uca tangeri, Cardisoma armatum and Portunus validus (0.03, 0.03 and 0.02 m -2 respectively) ( Figure 2b ).
Crab species composition was very distinct between sites, giving each site a particular species richness. BW and WB had similar species composition with an SI of approximately 60% (Figure 3) . The low stress value obtained in the nMDS On dead wood, on the sand surface indicated that different populations were well represented and the combination was meaningful. BW and EG were grouped very closely in terms of abundance (Figure 4 ). The overall difference in abundance of crabs between the sites was significant (ANOSIM: r = 0.46, p < 0.001).
Mollusc inventory
We identified 14 405 individual molluscs, comprising 12 species belonging to five families. Pachymelaniidae, totalling four species, was the most diverse and Potamididae (45.4% of individuals) was the most abundant. Melanopsidae was represented by three species and the Potamididae by two. The other two families (Neritidae and Onchidiidae) were represented by a single species. Pachymelaniidae represented 28%, Melanopsidae 18.5%, Neritidae 5.2%, an unidentified family 2.8% and Onchidiidae 0.06% of the species examined (Table 3 ). The genus Pachymelania was most prevalent (Table 4) (Figure 5b ). The molluscs species composition showed similarities between the sites. The composition at BS was identical to that of EG (SI = 100%) and it was very similar between BG and BN (SI ≈ 75%). Similarly, SI between WB and BM sites was close to 60% ( Figure 6 ). The zero value of stress obtained in the nMDS indicated that the population representation in different sites was perfect with appropriate data transformation. BS and EG were grouped closely in terms of abundance (Figure 7 ). There was a significant difference in the overall abundance of molluscs between the sites (ANOSIM; r = 0.32, p < 0.001).
Discussion
Census
In all, 16 451 individuals (2 046 crabs and 14 405 molluscs) were collected in the Wouri River mangrove. These were grouped into 24 species, evenly divided between the two taxa, 16 genera (nine crabs and seven molluscs) and 11 families (five crabs and six molluscs). As in most mangrove forests worldwide, these two groups of invertebrates dominate the macrobenthos (Bosire et al. 2004 , Lee 2008 , Nagelkerken et al. 2008 .
Five species had particularly high abundances at the study sites. Pachygrapsus transversus, Metagrapsus curvatus, Arimase elegans, Perisesarma huzardi and Perisesarma alberti (Rathbun 1921) were 3-8 times higher than those reported in a previous study carried out in the Limbe, Mabeta and Tiko mangroves (Longonje 2008 hand, the abundance of three other species (Portunus validus, Cardisoma armatum and Uca tangeri) were more than 200 times less than the abundances reported in Limbe mangrove areas by Longonje (2008) . In more northern sites along the West African coasts, Dahdouh-Guebas and Koedam (2001) reported even higher abundances for Uca tangeri (up to >50 m -2 ). The majority of the dominant species showed a preference for muddy substrates. Several species of sesarmid crabs have diets rich in leaves and young Rhizophora spp. propagules (Dahdouh-Guebas et al.1997 , 1998 , 1999 , Lee 1998 , Ashton et al. 2003a . The mangroves of the Wouri River estuary are dominated by Rhizophora spp., which would provide a good dietary source for sesarmid crabs.
Taxonomic diversity varies at different levels. Species diversity calculated from Shannon-Weaver diversity indices (H' = 2.98 for crabs and H' = 2.79 for molluscs) with H' max = 3.585 are similar as both groups have the same number of species. Specific diversity measures the degree of complexity of the site: the more there are species and their respective neighbouring abundances, the higher is the diversity (Frontier and Picho-Viale 1993) .
Crab diversity
Most crab species identified in our study are the same as those described in studies on mangrove forests of Cameroon more than 35 years ago, indicating the relative stability of the macrobenthic fauna. Boyé et al. (1975) surveyed seven species belonging to four families: Portunidae, Grapsidae, Sesarmidae and Ocypodidae, in the Limbe rocky substrates and the estuaries of Mabeta and Sanaga. Longonje (2008) improved the previous inventory by the addition of 10 other species, belonging to five families that comprised of the four already described and the Gecarcinidae family, with a single species, Cardisoma armatum. The 12 species of crabs surveyed in our study belong to the abovementioned five identified families. However, three distinct monospecific genera and thus three species new to the area, all belonging to the Sesarmidae family [Perisesarma kamermani (De Man 1883), Chiromantes buettikoferi (De Man 1883), and Sesarma sp.], were found in the mangrove forests of the Wouri River estuary (Table 5 ). This family, with eight species, is reported to be the most diverse in the mangrove forests of Cameroon and elsewhere (Lee 1998 , Ashton et al. 2003a , Cannicci et al. 2008 , Nagelkerken et al. 2008 .
Species of Sesarmidae form an important organic component of the mangrove because they play a major role in the structure and functioning of their ecosystem (Smith et al. 1991 ). The present study complements the brachyuran fauna list in the mangroves of Cameroon with the addition of three species. The species inventory of mangrove crabs in Cameroon now consists of 20 species, comprising 13 genera and five families (Table 6) .
Six species of crabs (Callinectes amnicola, C. pallidus, Grapsus grapsus, Ocypode africana, O. ippeus and Pachygrapsus gracilis) that were identified by previous research in the study area were not found in our study. This could be on account of the limited mangrove area surveyed in the current study, but also specifically to the nature of substrates (as these species prefer the Limbe rocky substrates above to the muddy substrates of the Wouri River estuary). The 20 species of crabs currently reported in Cameroon mangroves are found in the inventory of Cumberlidge (2006) , which reports a total of 36 crab species for Central Africa. Given the similarities in the biological composition of Atlantic mangroves, it is likely that all crab species listed by Cumberlidge (2006) inhabit the mangrove forests of Cameroon. The low relative diversity found among mangrove crabs in the Wouri River estuary could be attributed to the nature of the substrate. The genus Uca, for example, in Cameroon is represented by a single species. Elsewhere, it is reported to include several species based on the type of substrate. Some species prefer muddy substrates (e.g. U. vocans), whereas others (e.g. U. annulipes) are found in sandy soils (Lim and Wong 2010) . The low species diversity at the Wouri River estuary may also be explained, according to Alfaro (2006) , by sampling of invertebrates in contiguous muddy habitats difficult to access. Lee (2008) believes that physical environmental stress (hypersalinity, hypoxia, hypercapnia) and poor litter nutritional quality must also contribute to the proliferation of species decline in mangroves. Because of all kinds of pollution, only species that can adapt will dominate the population assemblage.
The low similarity found between species composition and abundances is on account of the predominance of sesarmid crabs. At least 50% of species of this family was found on different sites, but only BW and WB were the closest in terms of species composition with an SI of 60%. Sesarmidae are the most diversified and abundant among mangroves crabs (Lee 2008) . Species of this family constitute the key functioning elements of this ecosystem of mangroves (Smith et al. 1991 , Lee 1997 , Boon et al. 2008 . Our results show that EG and BW were close in terms of abundance ( Figure  4 ), which could be explained by the low abundances of the three different species (Perisesarma kamermani, Portunus validus and Uca tangeri) between these sites.
Mollusc diversity
Several species of molluscs collected during our study were similar to those described previously in mangrove forests of Cameroon. Boyé et al. (1975) reported 23 species of molluscs including 13 gastropods and 10 bivalves. The species of gastropods belong to seven families: Ellobiidae (Melampus liberianus), Fissurellidae (Fissurela spp.), Littorinidae (Scabra scabra, S. angulifera, Tectarius granosus), Muricidae (Purpura collifera, P. yetus), Neritidae (Neritina glabrata, N. senegalensis), Pachymelaniidae (Pachymelania aurita, P. fusca), Potamididae (Tympanotonus fuscatus) and Thaididae (Thais callifera). The authors encountered 10 lamellibranchs: Arca sp., Corbula trigona, Crassostrea gasar, C. rufa, Cyrenoida rosea, Egeria radiata, Iphigenia rostrata, Ostrea tulipa, Sepia officinalis and Siphonaria mouret. Bandel and Kowalke (1999) improved the previous inventory by the addition of nine new species of gastropods. Three of these species belong to three new families: Assimineidae (Assiminea hessei), Planaxidae (Angola lineata) and Onchidiidae (Onchidium sp.). The remaining six species belong to three families: Pachymelaniidae (Pachymelania byronensis), Neritidae (Neritina afra, N. rubricata, Neritilia rubida, N. manoeli) and Potamididae (Tympanotonus radula). Boyé et al. (1975) Longonje (2008 Table 7 : Review of the mollusc species composition of the mangrove forests of Cameroon. Boyé et al. (1975) reported 11 species; Bandel (1999) added six more species and the present study added a further five species African Journal of Marine Science 2012, 34(3): 349-360 357 Twelve species of molluscs collected in the present study enrich the inventory of mangrove forests in Cameroon with a new family (Melanopsidae) and six new species (Table 7) . Three of these species belong to the new family (Melanoides pergracilis, M. tuberculata, Potadoma lirincta) . The other species were Achatina achatina (Onchidiidae), Theodoxus niloticus (Neritidae) and an undetermined bivalve. The species composition of molluscs of mangrove forests in Cameroon is now incorporated, based on this study, of 40 species, 27 genera and 20 families. These are subdivided into 29 species of gastropods and 11 species of lamellibranchs. Gastropods were made up of 17 genera, grouped into 12 families. Bivalves contained 10 genera grouped in eight families (Table 8) . With the addition of a new species, the family Neritidae is currently the most diversified in the mangrove forests of Cameroon.
As is the case for crabs, the low diversity of molluscs can also be explained by the nature of the substrate, identification issues, difficult access in the site and the physical environmental stress. Generally, the species richness of macrobenthos in the mangroves is low, but high in absolute abundance (Lee 2008) . Also, estuarine wetlands are characteristically poor as regards the number of mollusc species (Zabi and Le Loeuff 1993) .
Species composition showed affinities between BS and EG (SI = 100%), BG and BW (75%) and WB and BM (60%). In terms of abundances, BS and EG were also similar (Figure 7 ). This similarity can be explained by low diversity of molluscs (only two species) at these sites as well as their large and high densities. The distribution of invertebrates in mangroves is influenced by vegetation and abiotic characteristics (Nobbs 2003) . Mangrove species richness patterns of molluscs strongly followed plant diversity evolution (Ellison et al. 1999 Molluscs (gasteropods and bivalves) have very different habitats and life styles. Most bivalves are microphages; they feed either on plankton or organic particles in suspension in water (suspension feeders) or on food collected on the bottom (deposit feeders). However, some are carnivorous or xylophagous (Ashton et al. 2003) .
According to Zabi and Le Loeuff (1993) , Cameroon estuaries contain high densities of herbivorous detritus feeders, especially Potamididae (Tympanotonus spp.) and Pachymelaniidae (Pachymelania spp.). The first species to disappear when moving farther into the estuary are Melampus spp. (bivalves), Littorina spp. and Thais spp. (gasteropods), which are less tolerant to decreasing salinity. Ostrea and Tympanotonus are less demanding because they descend below a salinity level of 5. However, Pachymelania fusca and Neritina glabrata are most resistance. These patterns are consistent with those in the current study.
Conclusion
In all, 24 species of crabs and molluscs were collected in the mangrove forests of the Wouri River, which were evenly divided between these two groups. The current study complements previous crab and mollusc species inventories of mangrove forests in Cameroon, with nine additional species (Achatina achatina, Chiromantes buettikoferi, Melanoides pergracilis, M. tuberculata, Perisesarma kamermani, Potadoma lirincta, Sesarma sp. and Theodoxus niloticus), which were grouped into seven genera and five families. This last census of macro benthos in the mangrove forests of the Wouri River estuary increased the crab and mollusc inventory in the mangroves of Cameroon from 51 to 60 species The Sesarmidae family and that of Pachymelaniidae appear to be the most diverse with Sesarma angolense and Tympanotonus fuscatus being the most abundant species in the mangrove forests of the Wouri River estuary. However, the inaccessibility of muddy habitats, pollution and environmental factors such as hypersalinity, hypoxia, hypercapnia and vegetation variability, all have an influence on the diversity and abundance of macrobenthos in the mangroves. Mangrove forests of the Wouri River undergo many pressures that can reduce their biodiversity and prevent them from fully performing their multiple roles. This is already apparent in the rapid deterioration of this ecosystem in the southern part of the study area.
